Catalytic mechanism of guanine deaminase: an ONIOM and molecular dynamics study.
The catalytic mechanism of Bacillus subtilis guanine deaminase (bGD), a Zn metalloenzyme, has been investigated by a combination of quantum mechanical calculations using the multilayered ONIOM method and molecular dynamics simulations. In contrast to a previously proposed catalytic mechanism, which requires the bound guanine to assume a rare tautomeric state, the ONIOM calculations showed that the active-site residues of the enzyme do not affect the tautomeric state of guanine, and consequently the bound guanine is a tautomer that is the most abundant in aqueous solution. Two residues, Glutamate 55 and Aspartate 114, were found to play important roles in proton shuttling in the reaction. The proposed reaction path is initiated by proton transfer from a Zn-bound water to protonate Asp114. This process may be quite complex and rather dynamic in nature, as revealed by the molecular dynamics (MD) simulations, whereby another water may bridge the Zn-bound water and Asp114, which then is eliminated by positioning of guanine in the active site. The binding of guanine stabilizes protonated Asp114 by hydrogen bond formation. Asp114 can then transfer its proton to the N3 of the bound guanine, facilitating the nucleophilic attack on C2 of the guanine by the Zn-bound hydroxide to form a tetrahedral intermediate. This occurs with a rather low barrier. Glu55 then transfers a proton from the Zn-hydroxide to the amino group of the reaction intermediate and, at this point, the C2-N2 bond has lengthened by 0.2 A compared to guanine, making C2-N2 bond cleavage more facile. The C2-N2 bond breaks forming ammonia, with an energy barrier of approximately 8.8 kcal/mol. Ammonia leaves the active site, and xanthine is freed by the cleavage of the Zn-O2 bond, with a barrier approximately 8.4 kcal/mol. Along this reaction path, the highest barrier comes from C2-N2 bond cleavage, while the barrier from the cleavage of the Zn-O2 bond is slightly smaller. The Zn-O2 bond can be broken without the assistance of water during the release of xanthine.